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56a Sunday, February 8, 2015vaccinations against malaria, the control of this disease is heavily dependent
upon the use of antimalarial drugs. Antimalarial drugs, such as methylene
blue, are effective therapies against human malaria. At a specific concentration,
methylene blue has been shown to be a selective inhibitor of the parasite’s
glutathione reductase (PfGR).
Glutathione reductase is an important target when studying malaria drug resis-
tance because it is a flavoenzyme that regenerates glutathione, which is an essen-
tial protein for antioxidant defense against cell damage.Methylene blue is also a
substrate that is reduced by gluthathione reductase to produce leucoMB. This is
then spontaneously oxidized bymolecular oxygen to formmethylene blue again.
During this process, reactive oxygen species, such as hydrogen peroxide and su-
peroxide form. These act as recycling catalysts against infectious organisms.
Due to PfGR’s central position in redox control, it is ranked number one as an
antimalarial drug target. The goal of this research is to study the interface be-
tween methylene blue and the putative protein target, glutathione reductase, in
order to understand the drug action mechanism. PfGR was expressed and puri-
fied and hydrogen-deuterium exchange (HDX) will be used to map the drug-
protein interface. We will present the mass spectrometry data for the solvent
exposed peptides after digestion with pepsin when PfGR is complexed with
methylene blue, which will allow us to narrow down the active site.
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The reduction of dihydrofolate (DHF) to tetrahydrofolate (THF) by the enzyme
dihydrofolate reductase (DHFR), using NADPH as a cofactor, is an essential
part of the folate cycle. The inhibition of DHFR leads to interruption of
DNA synthesis and consequently cell death, making this enzyme a crucial
target in the treatment of cancer and other diseases. Previous studies examined
the effects of small molecule osmolytes on the substrate interactions with two
non-homologous DHFRs, E. coli chromosomal DHFR (EcDHFR) and R67
DHFR, with vastly different active site structures. The results indicated that
DHF weakly interacts with the osmolytes in solution, shifting the binding equi-
librium from DHF bound to DHFR to unbound DHF. It is hypothesized that
similar weak, nonspecific interactions may also occur between cellular proteins
and DHF. Weak interactions between cellular proteins and DHF would have
consequences in vivo, where the concentration of the cellular milieu is approx-
imately 300 g/L. Under the crowded conditions in the cell, there is a higher pro-
pensity for intermolecular interaction.
Crowding effects of macromolecules in concentrations similar to those in vivo
were examined. Isothermal titration calorimetry (ITC) and enzyme kinetic as-
says were used to detect effects of molecular crowders by monitoring activity
of the (DHFR)-NADPH or DHF complex and the ternary DHFR-DHF-NADPH
complex in the presence of these crowders. To recreate the conditions of
molecular crowding in vivo, the binding of the enzyme-ligand complexes in
the presence of molecular weight crowding agents (lysozyme or casein) was
examined. Analysis of the Kd’s and Km’s indicated a correlation between
increased molecular crowding in the solution and weakened binding of the
DHFR-substrate complexes. These findings indicate an importance of molecu-
lar crowding on EcDHFR activity in vivo.
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Cytosolic crowding is known to influence the thermodynamics and kinetics of
in vivo chemical reactions. Crowders, including proteins, macromolecular
assemblies and intracellular organelles, reduce the volume available to a
diffusing substrate and thereby lower its effective diffusion constant relative
to its rate in bulk solution. However, the nature of a substrate’s interaction
with crowders, such as through electrostatic or van der Waals forces, can
further influence the effective diffusion rate. To probe the impact of crowding
over micron-scale intracellular distances, we apply a multi-scale mathematical
theory, homogenization, to estimate effective diffusion rates for ions and small
biomolecules diffusing in a densely-packed lattice of representative cytosolic
proteins. Specifically, via the finite element method we numerically solve the
homogenized diffusion equation for a nearly 1 micron cubed cytosolic fraction
based on published Brownian dynamics data of the bacterial cytoplasm
(McGuffee and Elcock, PLOS Computational Biology, vol. 6, no. 3, p.
e1000694, Mar. 2010). Our simulations quantify how the crowded volume frac-
tion, irregularity of protein shapes and distribution, and molecular interactions
influence the diffusion rates of small molecules.281-Pos Board B61
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Recently, Kojima and Nikaido (PNAS, 110: E2629, 2014) examined the idea of
potential specificity of porin channels, where -lactam antibiotics’ interaction
with the pore-lining residues, demonstrated in vitro, was suggested to facilitate
transmembrane transport (PNAS, 99:9789, 2002). The authors came to a
conclusion that the binding inside OmpF channel does not significantly affect
the penetration of ampicillin and benzylpenicillin.
While we emphatically agree with the authors that attractive interactions per se
do not constitute the leading imperative in search for an antibiotic with the
‘‘magic bullet’’ potential, it would be surprising if Nature (or pharmaceutical
companies, by trial and error) had not explored the benefits of these interactions
to facilitate antibiotic translocation. Indeed, the probability of translocation
through the OmpF pore for the molecule of ampicillin size that is already at
the channel entrance could be estimated as a fraction of one percent (JCP,
116:9952, 2002). This is an impressively small number.
The presence of optimal attractive interactions is able to compensate for the
entropic cost of confinement (Biochemistry, 52:9246, 2013) and thus increase
the translocation probability to 0.5, its maximum value for passive, although
interaction-assisted, diffusion. Certainly, not every attractive interaction is
optimal or even beneficial for translocation. Too strong or wrongly distributed
binding can be detrimental. However, attractive interactions in a particular
channel-solute pair are able, at least in principle, to transform a porin, which
is ‘‘general’’ for many other solutes, into a ‘‘specific’’ one for the particular pair.
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The AAAþ (ATPases Associated with various cellular Activities) group of pro-
teins is a large superfamily whose members are present in single-celled and
multi-celled organisms. This family is subdivided into two classes; Class I
ATPases contain two ATPase domains per monomer while Class II ATPases
contain one ATPase domain per monomer. Both classes utilize ATP binding
and hydrolysis to undergo conformational changes that allow them to perform
mechanical work. Further, the biologically active form for most members of
the AAAþ family is a hexamer. Quantitatively examining the biologically-
relevant activities for AAAþ proteins requires a precise determination of the
concentration of hexamers in solution. The difficulty in determining the hexamer
concentration is that the oligomeric state of interest often resides in a dynamic
equilibrium. This leads to a distribution of oligomeric states in solution. There-
fore, insight into nucleotide-linked assembly is required to be able to understand
how any of the AAAþ motors function. ClpA is a Class I AAAþ protein.
Apparent self-association equilibrium constants were obtained using sedimenta-
tion velocity and were subsequently analyzed using binding polynomials that
incorporate either zero cooperativity or infinite cooperativity into the nucleotide
binding process to yield apparent nucleotide binding constants. Here we show
that the population of ClpA dimers, tetramers, and hexamers is dependent
upon nucleotide concentration. Further, apparent nucleotide binding constants
were found for each oligomeric state. The above-stated information was used
to generate a prediction of ClpA hexamer population that takes into account
nucleotide-linked assembly. We anticipate the results of this study will set the
stage for being able to predict the concentration of hexamers at any given nucle-
otide concentration, therefore allowing us to probe the kinetic and energetic
properties of ClpA as well as other members of the AAAþ superfamily.
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Protein-ligand binding is central to many biochemical processes including
enzyme catalysis/inhibition and cellular signaling. In the cellular context, these
processes occur inmilieus crowdedwith bystandermacromolecules.Growing ev-
idence suggests that the macromolecular crowders are not inert but influence the
biochemical processes. A previous study of our lab demonstrated that a synthetic
polymer crowder, Ficoll70, and a ligand, maltose, compete for binding with the
maltose binding protein (MBP), a periplasmic protein involved in nutrient uptake
and chemotaxis [Miklos and Zhou, PLoS ONE 8, e74969 (2013)]. Fluorescence
and NMR spectroscopy showed that Ficoll70 weakly binds to MBP and this
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ture; the lobes close up upon ligand binding into the domain cleft. Competitive
inhibition by Ficoll70 could result from the crowder preferentially binding either
to the open cleft, thus rendering the protein incompetent formaltose binding, or to
the closed cleft, thus blocking maltose from the binding site. To distinguish be-
tween these two possibilities, herewe introducedMBPhingemutations that result
in cleft closure and enhancement ofmaltose binding affinity.With the closuremu-
tants, MBP-Ficoll70 interactions would be expected to weaken in the open-cleft
binding scenario but to be unperturbed or even strengthened in the closed-cleft
binding scenario. Our data indicate a modest increase in Ficoll70 binding affinity
for a closuremutant, thus supporting the closed-cleft binding scenario. A panel of
mutants with varying degrees of cleft closure is being studied to validate the
observation. Our study will provide new insight into the nonrandom nature of
weak protein-crowder interactions in cellular environments.
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Calmodulin (CaM) is a ubiquitous calcium-binding protein that is integral to a
variety of cellular functions including memory, immune response, and cardiac
muscle contraction. Although CaM has no intrinsic enzyme activity, it binds
and subsequently regulates hundreds of enzymes and ion channels in response
to changes in cytosolic Ca2þ concentration. Missense mutations in CaM have
recently been identified in individuals with symptoms of catecholaminageric
polymorphic ventricular tachycardia (CPVT), a type of cardiac arrhythmia.
The mechanisms behind the effects of these mutations remain unknown. We
have purified and characterized the CaM mutants N54I and N98S in terms of
their Ca2þ affinity and kinetics, as well as their interaction with the CaM-
binding domain of the cardiac ryanodine receptor (RYR2).
In agreement with previous studies, the steady-state Ca2þ sensitivity for CaM
N54I was not different from WT CaM, while CaM N98S had decreased C-ter-
minal Ca2þ sensitivity. Consistent with the C-terminal Ca2þ sensitivities, the
C-terminal Ca2þ dissociation rate for N54I was not different from WT CaM,
while N98S had an order of magnitude faster Ca2þ dissociation rate. In the
presence of the RYR2 peptide, the C-terminal Ca2þ dissociation rate for
N98S was two orders of magnitude faster than WT, while that of N53I was
not changed. However, in the presence of the RYR2 peptide, both N-terminal
Ca2þ dissociation rates were two-fold faster than WT. Thus a defective N-ter-
minal CaM-RYR2 interaction may be the root cause of CPVT induced by these
mutations. These studies will help to elucidate the mechanism by which CaM
mutations cause cardiac arrhythmias, paving the way for the development of
therapeutic calmodulins to treat cardiac disease.
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Lipoate is an essential cofactor for the aerobic metabolism in oxidative decar-
boxylation reactions of 2-oxoacid complexes. Malaria parasite survival is
highly dependent on scavenging this essential cofactor from the human host.
Scavenged lipoate is subsequently attached to the a-ketoglutarate dehydroge-
nase (KDH), the branched chain a-ketoacid dehydrogenase (BCDH), and the
H-protein of the Glycine cleavage system. Previous studies have shown that
these three lipoylated enzymes reside in the mitochondrion. PfLipL1, the lip-
oate ligase, also localizes to the mitochondrion and catalyzes the lipoylation
of the H-protein. However, LipL1 alone is incapable of lipoylating the
BCDH and KDH. The lipoylation of these proteins occurs through a novel
mechanism requiring both LipL1 and a previously uncharacterized enzyme,
LipL2. Additionally, this mechanism is sensitive to redox conditions. Under
strong reducing conditions BCDH and KDH are exclusively lipoylated whereas
lipoylation of the H-protein requires less reducing conditions. In this work we
characterize the interactions of LipL1 with the small molecules necessary for
protein lipoylation. Furthermore, progress toward a structural characterization
of the LipL1-LipL2 interaction will be explored.
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Capsaicin, the active component of chili peppers, is commonly used to add
spice ‘‘heat’’ to food products. In topical pharmaceutical preparations, it isused as analgesic agent. It is known to elicit its pharmacological effects by
binding to the transient receptor potential cation channel subfamily member
1 (TRPV1) which is also known as capsaicin receptor and vanilloid receptor
1. The recent development in electron cryo-microscopy allowed for the
structural characterization of TRPV1. We used the information provided
by the electron density map of TRPV1 to define and validate the capsaicin
binding pocket and generate a reliable pose. The essential amino acid residues
that are affecting the ion channel affinity to capsaicinoids were identified by
extensive exploration of multiple docking poses of capsaicin and capsaicin-
like compounds. TRPV1 structure does not provide information about the
active site waters, we mapped the potential waters using thermodynamic
studies.
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According to the MWC model, cooperativity is due to the equilibrium between
the lower affinity T form and the higher affinity R form at the beginning and
end of oxygen binding isotherm. The model disregards the energy barrier
necessary for preventing the T and R forms relaxing into a single conformation
system. Also, the difference between the binding Gibbs free energy of the two
affinities at pH 9.0 is DG¼2000 cal/mole. It means that at equilibrium the en-
ergy level of the T form increases by 2.0 Kcal/mole. This increase is inconsis-
tent with the zero sum of heat exchanges needed for equilibriums. To solve
these problems we tested the response of the isotherm to osmotic pressure,
heat, and protein concentration. Osmotic stress reveals a higher volume/surface
ratio of the T form, suggesting a more spherical shape. Increasing protein con-
centration decreases the oxygen affinity of the system indicating formation of
transient polymeric forms, with low oxygen affinity. Enthalpies of the interme-
diates show a strong absorption of heat at the third oxygenation step. This is the
heat necessary for polymerizing tetrameric Hb into quinary structures, as in the
fibers of HbS, The net absorption and release of heat, of the enthalpies of
the conformational changes, is a negative DG¼-2000 cal/mole, reflecting the
degradation of the quinary polymers into the quaternary T and R forms. This
heat released to the system compensates to zero the energy absorbed by the
T form upon deoxygenation. It should be stressed that the high energy level
of polymeric intermediates is the energy barrier preventing the direct relaxation
of the T and R conformations into one another. This molecular mechanics ex-
plains the cooperativity of oxygen binding isotherm.
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Rice hemoglobin (rHb1) is a type 1 non-symbiotic hemoglobin (nsHb1), which
is found in plants and which is evolutionarily related to leghemoglobins and
truncated hemoglobins. It is structurally similar to vertebrate heme proteins,
containing Fe-protoporphyrin IX and the classic 3-over-3 globin fold. Unlike
other hexacoordinate heme proteins found in plants, the ligand binding proper-
ties of nsHb1 proteins make it unlikely to be involved in nitrogen fixation or
oxygen transport. We have characterized ligand migration upon CO photore-
lease from rHb1 under various conditions in order to elucidate functional
role(s) of rHb1 in vivo. Using photoacoustic calorimetry, we have determined
thermodynamic parameters (DH and DV) for CO photorelease from wild type
rHb1 and a distal histidine to leucine (H74L) mutant taking place within ~ 5 ms
after ligand photo-dissociation. Under stripped conditions, we observe a strong
temperature dependence of the observed parameters. Photorelease of CO from
the wild type protein below 16C is associated with DH ¼ 28.7 5 2.2 kcal
mol1 and DV ¼ 4.3 5 0.4 mL mol1, while above 16C we observe DH ¼
9.75 3.4 kcal mol1 and DV¼ 0.45 0.7 mL mol1. This temperature depen-
dence is not observed in the H74L mutant, in the presence of 500 mM NaCl, or
at pH 6. We have also determined rate constants and quantum yields for bimo-
lecular rebinding of CO using transient absorption spectroscopy, both of which
increase with temperature. The contributions of electrostriction, proton uptake
by Bohr groups, oligomerization state, and the distal residue of rHb1 to the
observed kinetic and thermodynamic parameters will be discussed. We will
